In the rat, the cytotoxic drug ethylene dimethane sulfonate (EDS) selectively eliminates mature Leydig cells (LCs) from testicular interstitium, activating a complex process of proliferation and differentiation of pre-existing LC precursors. We observed previously that after EDS treatment, the early LC precursors persistently express a truncated 1·8 kb form of LH receptor (LHR) mRNA. This prompted us to study whether experimental cryptorchidism, known to alter the process of LC repopulation, can influence the pattern of testicular LHR mRNA expression after EDS administration.
Introduction
In the rat and other mammals, testicular Leydig cells (LCs) show two distinct phases of proliferation. The first proliferative wave is detected in utero and results in the appearance of fetal-type LCs. The second phase takes place during puberty and gives rise to the adult-type LC population. Fetal-and adult-type LCs differ morphologically and functionally (for reviews see Huhtaniemi & Pelliniemi 1992 , Huhtaniemi 1994 . In the adult rat, the proliferative activity of mature LCs is negligible (Teerds et al. 1988 , Gaytan et al. 1992 . However, active proliferation of pre-existing undifferentiated precursors is triggered by destruction of the mature LC population.
Administration of a single dose of the cytotoxic drug ethylene dimethane sulfonate (EDS) induces complete elimination of mature LCs from the testicular interstitium (Molenaar et al. 1985 , Morris et al. 1986 , activating the proliferation and further differentiation of LC precursors with the appearance of a new population of functionally active LCs within 3 weeks (Molenaar et al. 1986 , Kerr et al. 1987 , Teerds et al. 1990 , Gaytan et al. 1992 . Considering that this repopulation process resembles the normal developmental events of adult-type LCs during puberty, the EDS-treated rat has been widely used as an experimental model for studies on LC development ( Jackson et al. 1986 , Molenaar et al. 1986 , Kerr et al. 1987 , Teerds et al. 1989a ,b, Gaytan et al. 1992 , Tena-Sempere et al. 1994 , Veldhuizen-Tsoerkan et al. 1994 .
Proliferation of LCs, both during puberty and after EDS administration, critically depends on the co-ordinate action of systemic signals, mainly luteinizing hormone (LH), and locally produced factors, and it is well documented that LC development can be altered by manipulations of the endocrine and paracrine environment of the testis. For instance, hypophysectomy of immature rats severely diminished the number of functionally active LCs around puberty (Teerds et al. 1989c) . Similarly, the blockade of the LH surge after EDS prevented the reappearance of newly formed, mature LCs (Molenaar et al. 1986 , Tena-Sempere et al. 1997 . In addition, modifications of the intratesticular environment can also induce changes in the proliferative activity of LCs. Selective depletion of testicular macrophages impaired LC proliferation and differentiation in prepubertal rats, and inhibited LC repopulation after EDS treatment (Gaytan et al. 1994a,b,c) . On the contrary, experimental cryptorchidism and other manipulations known to preferentially alter the seminiferous epithelium expedited the rate of LC repopulation after EDS (Molenaar et al. 1986 , O'Leary et al. 1986a . Overall, cross-talk between positive and negative modulators within the testis is critical in the fine-tuning of LC development.
A key developmental event during LC differentiation is the acquisition of LH receptors (LHRs). This is conceivable given the key role of LH in LC development and function. In a series of experiments, we have analysed the pattern of expression of LHR mRNA in rat testis during EDS-induced LC repopulation (Tena-Sempere et al. 1994 , 1997 . Our initial observation that early LC precursors express high levels of a truncated 1·8 kb form of LHR mRNA much before the acquisition of the mature features of adult-type LCs (Tena-Sempere et al. 1994) prompted us to evaluate whether experimental manipulations known to alter LC repopulation influence the pattern of LHR gene expression in differentiating LC precursors. The present paper reports our findings on the pattern of expression of LHR mRNA in abdominal and scrotal testes of unilaterally cryptorchid (UC) rats after EDS administration.
Materials and Methods

Animals and experimental designs
Adult male (75-to 90-day-old) Sprague-Dawley rats were used. The animals were caged under controlled conditions of light (14 h light:10 h darkness; lights on at 0700 h) and temperature (21 C) with free access to standard laboratory animal food and tap water. All the experimental procedures were approved by the Turku University Committee on Laboratory Animal Care and were conducted in accordance with the European Union normative for care and use of experimental animals.
In experiment 1, the pattern of testicular LHR mRNA expression after EDS administration was evaluated in UC rats. Adult male rats were rendered unilaterally cryptorchid by anchoring the upper pole of the testes to the abdominal wall using a suture passing through the connective tissue of the caput epididymis, as previously described ( Jégou et al. 1984) . Sham-operated rats served as controls. One month after surgery, the animals were injected i.p. (day 0) with a single dose of EDS (75 mg/kg body weight) or vehicle (DMSO:H 2 O; 1:3). Groups of animals were sequentially killed 0, 5, 15, 20 and 40 days after EDS. An additional sampling time-point (day 30 after EDS) was included for UC animals, given the expected faster rate of LC repopulation in this group (O'Leary et al. 1986a,b) . Trunk blood, testes, and ventral prostates were taken, and the weights of the organs recorded. Sera were separated from blood samples and stored at 20 C until used for hormone measurements. After removal, the testes were immediately frozen in liquid nitrogen and stored at 70 C until used for LHR binding assays and RNA analyses.
In experiment 2, the time-course and reversibility of the observed cryptorchidism-induced changes in the pattern of expression of testicular LHR mRNA after EDS were assessed. UC rats and their paired controls were injected i.p. (day 0) with a single dose of EDS (75 mg/kg body weight). Five days later, a surgical switch was performed in the 'testicular status' of the experimental groups. Control rats were rendered UC as described above. Inversely, orchidopexy was performed on the UC rats. The positioning of the abdominal testes into scrotal location was achieved by releasing the former suture to the abdominal wall, followed by gentle pulling of the testes down to the scrotum and fixation through the connective tissue of cauda epididymis to the scrotal skin ( Jégou et al. 1984) . Blood and testicular samples were taken before EDS administration (day 0), on the day of surgery (day 5), and 7, 10, 15, 20 and 40 days after EDS. Samples were collected and processed as in experiment 1.
Hormone and LHR-binding measurements
Serum testosterone levels were measured by RIA, after diethyl ether extraction of the samples (Huhtaniemi et al. 1985) , using 125 I-labeled testosterone (Orion-Farmos Diagnostica, Turku, Finland) as tracer, and testosterone antiserum kindly donated by Professor R Vihko (Department of Clinical Chemistry, University of Oulu, Finland). Serum LH levels were measured using a supersensitive immunofluorometric assay (Wallac Oy, Turku, Finland), based on the Delfia principle (Haavisto et al. 1993) , and the results were expressed in terms of the reference preparation LH-RP-2 (NIDDK, Bethesda, MD, USA). The sensitivity of the assay was 0·75 pg/tube, the intra-assay coefficient of variation (C.V.) was 7%, and the interassay C.V. was 10%.
Testicular LHR binding was measured as previously reported (Huhtaniemi et al. 1981) . Briefly, testes were homogenized in Dulbecco's PBS (10 ml/g tissue), and the homogenates centrifuged at 2000 g for 10 min. The supernatants were collected, and the membrane fractions pelleted by centrifugation at 20 000 g for 20 min. Finally, the pellets were dissolved in Dulbecco's PBS+0·1% (w/v) BSA (Sigma Chemical Co., St Louis, MO, USA) (10 ml/g original tissue), and used for binding assay. [
125 I]Iodohuman chorionic gonadotropin (hCG) binding was measured by incubation of 100 µl aliquots of testicular homogenates in the presence of 150 000 c.p.m. (4 ng) highly purified iodinated hCG (NIH CR-125; 13 000 IU/mg). Non-specific binding was evaluated in matched samples in the presence of 1000-fold molar excess of unlabeled hCG (Pregnyl, Organon, Oss, Netherlands). The incubation time was 16 h at room temperature (22-24 C). Bound and free hormones were separated by 15-fold dilution with ice-cold Dulbecco's PBS-BSA and centrifugation of the samples at 3000 g for 20 min. As the concentration of hCG used in the incubations was near saturating (Huhtaniemi et al. 1981) , the assays gave a reliable estimate of the testicular LHR content.
Northern hybridization analysis
Total RNA was isolated from testicular samples using the single-step acid guanidinium thiocyanate-phenolchloroform extraction method, as described previously (Chomczynski & Sacchi 1987) . For Northern analyses, RNA samples (20 µg/lane) were resolved on 1·2% denaturing agarose gels and transferred onto Hybond-N + nylon membranes (Amersham International plc, Aylesbury, Bucks, UK). Only membranes showing even loading of the samples, as assessed by the amount of 18S ribosomal RNA transferred per lane, estimated under ethidium bromide staining, were used. The membranes were prehybridized for 4-6 h at 64 C in a solution containing 50% deionized formamide (Sigma), 3 SSC, 5 Denhardt's solution, 0·1 g/l heat-denatured calf thymus DNA, 1% SDS, and 0·1 g/l yeast transfer RNA. For hybridization, a 32 P-labeled cRNA probe for the rat LHR was generated using a Riboprobe system II kit (Promega, Madison, WI, USA), and a template composed of a fragment of the LHR cDNA, spanning nucleotides 441-849 of its extracellular domain, subcloned into the pGEM-4Z plasmid (LaPolt et al. 1990) . Hybridization was carried out at 66 C for 20 h in the same prehybridization solution after addition of the cRNA probe. After hybridization, the membranes were washed in 2 SSC and 0·1% SDS at room temperature for 20 min, and, to completely remove non-specific hybridization, they were treated with ribonuclease-A (3 µg/l in 2 SSC) for 15 min at room temperature, followed by three washes in 0·2 SSC and 0·1% SDS at 64 C for 20 min. The membranes were exposed to Kodak X-ray films (Kodak XAR-5; Eastman Kodak, Rochester, NY, USA) at 70 C for 5-15 days. The molecular sizes of the mRNA species were estimated by comparison with mobility of the 18S and 28S ribosomal RNAs.
RT-PCR and Southern hybridization
RT-PCR, optimized for semi-quantitative detection, was used to identify the expression of truncated LHR mRNA species in UC testes at early stages after EDS administration. For amplification of LHR transcripts, encoding areas of the extracellular domain, the following oligonucleotide primers, synthesized according to the rat LHR cDNA (McFarland et al. 1989) , were used: LHR1 (nucleotides 6 to 17), 5 -CGG GCC ATG GGG CGG CGA GTC CC-3 , and LHR4 (nucleotides 342 to 322) 5 -GTT TTT GGT GTT CTG GAT CAG-3 . In addition, to provide an appropriate internal control, coamplification of a 395 bp fragment of the L19 ribosomal protein mRNA was carried out in each sample using the primer pair: L19s, 5 -GAA ATC GCC AAT GCC AAC TC-3 , and L19as, 5 -TCT TAG ACC TGC GAG CCT CA-3 , generated according to the rat L19 ribosomal protein cDNA (Chang et al. 1987) .
For the amplification of the target genes, RT and PCR were run in two separate steps. Furthermore, to enable appropriate amplification in the exponential phase for both targets, PCR amplification of LHR and L19 ribosomal protein transcripts was carried out in separate reactions with different numbers of cycles, but using similar amounts of the corresponding cDNA templates, generated in single RT reactions. Briefly, equal amounts of total testicular RNA (2 µg) were heat-denatured and reversetranscribed by incubation at 42 C for 2 h with 12·5 U AMV RT (Promega), 20 U ribonuclease inhibitor RNasin (Promega), 200 nM deoxy-NTP mixture, and 1 nM antisense primers LHR4 and L19as, in a final volume of 30 µl 1 AMV-RT buffer. The reactions were terminated by heating at 96 C for 5 min and cooling on ice, and the samples were extracted using phenol-chloroform. Finally, the cDNAs were precipitated overnight at 20 C with absolute ethanol and 3 M sodium acetate, pH 5·2, and dissolved in 20 µl sterile water. For semi-quantitative PCR, 5 µl aliquots of the cDNA samples were amplified in 50 µl 1 PCR buffer in the presence of 2·5 U Dynazyme-DNA polymerase (Finnzymes, Espoo, Finland), 200 nM deoxy-NTP mixture, and the corresponding primer pairs (1 nM) LHR1-LHR4 or L19s-L19as. The PCR reactions consisted of a first denaturing cycle at 97 C for 5 min, followed by a variable number of cycles of amplification defined by denaturation at 96 C for 1·5 min, annealing at 55 C for 1·5 min, and extension at 72 C for 3 min. A final extension cycle of 72 C for 10 min was included. The number of cycles was optimized to ensure amplification in the exponential phase of PCR. Different numbers of cycles were tested for LHR (ranging between 30 and 45) and L19 ribosomal protein (ranging between 15-30), and 37 and 25 cycles respectively were chosen for further analyses. In all RT-PCR reactions, negative (liver RNA) and liquid controls were run in parallel with testicular RNA samples (data not shown).
Southern hybridization was used to confirm the specificity of the transcripts amplified by RT-PCR. The DNA fragments generated were resolved on 1·5% agarose gels and transferred onto nylon membranes using the capillary method. The membranes were prehybridized for 2 h at 42 C in a total volume of 25 ml containing 5 SSC, 5 Denhardt's solution, 0·5% SDS, and 0·1 g/l heatdenatured calf thymus DNA. Hybridization was performed overnight at 42 C by adding the corresponding 32 P-labeled antisense oligo-probe (LHR probe: 5 -CTT CAG CAG CAG CAC TGC CAG CAC CAG CAG-3 ; L19 probe: 5 -GAC CTT CAG GTC CAG GCT GTG ATA CAT ATG-3 ) to the prehybridization solution. The probes were labeled at the 5 end by means of [ -32 P]ATP (Amersham International plc) and T4 polynucleotide kinase (Promega). The blots were washed once for 15 min at room temperature in 2 SSC-0·1% SDS, and twice with 1 SSC-0·1% SDS for 15 min at 42 C. The membranes were then exposed to Kodak X-ray films for 2-24 h. The molecular sizes of the RT-PCR products were determined by comparison with mobility of molecular size markers run together with the DNA fragments.
Statistical analysis
The data are expressed as mean ... Statistically significant differences between groups were determined by one-way ANOVA, followed by Duncan's new multiple range test. P<0·05 was considered statistically significant.
Results
UC alters the pattern of testicular LHR mRNA expression after EDS treatment
UC did not modify basal LH and testosterone levels (Fig.  1) . However, cryptorchid testes showed reduced weight and LHR content (50% and 70% respectively of those of contralateral scrotal testes), in keeping with earlier observations (de Kretser et al. 1979 , Huhtaniemi et al. 1984 . Both in control and UC rats, administration of EDS induced complete elimination of mature LCs from testicular interstitium as indicated by the drop in serum testosterone levels to the range measured in orchidectomized rats (<0·5 nmol/l, data not shown), and the disappearance of hCG-binding sites in scrotal and cryptorchid testes, 5 days after EDS administration ( Fig. 2A) . In line with previous findings (O 'Leary et al. 1986a,b) , the rate of repopulation of LCs after EDS was higher in abdominal testes of the UC rats as demonstrated by the faster recovery of serum testosterone levels (compared with control animals) and LHR content (compared with scrotal testes). On the contrary, newly formed LCs, as estimated by testicular hCG binding, repopulated to a lower extent the contralateral scrotal testes ( Fig. 2A) . Serum LH levels increased in control and UC rats after EDS administration (Fig. 1B) . The changes in serum LH inversely correlated with those in testosterone levels, i.e. the faster recovery in testosterone concentrations in UC animals resulted in a concomitant precocious decline in serum LH levels. By day 40 after EDS, LH values had returned to the basal range in both control and UC rats. The pattern of testicular LHR mRNA expression in control rats after EDS administration resembled that previously described by us (Tena-Sempere et al. 1994 , 1997 , i.e. persistent expression of the 1·8 kb species in the absence of longer LHR transcripts in early stages after EDS, followed by the gradual recovery of a 'mature' pattern of LHR mRNA expression along with the repopulation of LCs (Fig. 3) . This 1·8 kb transcript has been previously reported to correspond to a truncated form of LHR mRNA encoding regions of the extracellular domain (LaPolt et al. 1991) . In addition, the lack of expression of longer LHR transcripts at early stages after EDS administration was further confirmed by Northern hybridization of poly (A) + RNA isolated from rat testes 5 days after EDS treatment (data not shown). A similar pattern was found in scrotal testes of the UC rats (Fig. 4 , upper panel), although 40 days after EDS the level of expression of the full-length LHR mRNA species was lower than in controls, in line with our findings on testicular hCG binding ( Fig. 2A) . On the contrary, the pattern of LHR mRNA expression in UC testes differed, as the 1·8 kb transcript was not discernible upon Northern hybridization 5 days after EDS (Fig. 4, lower panel) . However, the level of expression of this species was not altered by unilateral cryptorchidism prior to EDS administration, in contrast to a previous report (Iizuka et al. 1996) . In addition, the faster rate of LC repopulation in the abdominal testes after EDS resulted in precocious recovery of the 'mature' pattern of LHR mRNA expression, which was visible already on day 15 after EDS, although variability between animals was also noted. Interestingly, the expression of full-length LHR mRNA transcripts was associated with the reappearance of the truncated 1·8 kb species.
Cryptorchidism-induced changes in the pattern of testicular LHR mRNA expression after EDS are acute and non-reversible
The time-course and reversibility of the cryptorchidismassociated changes in the pattern of LHR mRNA expression were assessed by switching the 'testicular status' in control and UC rats 5 days after EDS administration. Induction of UC in control rats did not alter the pattern of response to EDS in terms of LH and testosterone secretion. Similarly, repositioning of the UC testes to the scrotal location did not change the pattern of LH and testosterone secretion observed in UC rats. Overall, rats subjected to UC 1 month before EDS administration showed a faster recovery in testosterone production as serum testosterone levels 15 days after EDS were significantly higher (P<0·01) than those of control animals, regardless of the actual status (scrotal or UC) of the testes at this time-point (Fig. 1A) . Accordingly, the normalization of LH levels after EDS was faster in animals subjected to UC 1 month before EDS administration, even in those where the relocation of the abdominal testes to the scrotal position was performed (Fig. 1B) .
The rate of LC repopulation in these experimental paradigms was evaluated by monitoring testicular hCG binding, in line with previous references ( Jackson et al. 1986 , O'Leary et al. 1986a ,b, Tena-Sempere et al. 1994 , 1997 . Figure 2B depicts the changes in the pattern of LC repopulation in abdominal testes after their relocation to the scrotal position (termed UC-des testes) on day 5 after EDS administration. The rate of repopulation of LCs was lower in UC-des testes than in UC ones, yet it was higher than in controls. A significant decrease in the repopulation rate by testicular descent was evident already on day 15 after EDS, and remained all through the study period. Figure 2C shows the changes in the pattern of LC repopulation in scrotal testes after relocation to the abdominal position (termed Control-UC testes) on day 5 after EDS administration. The rate of repopulation of LCs was higher in Control-UC testes than in controls, although it was lower than in UC testes. A significant increase in the repopulation rate by experimental cryptorchidism was evident already on day 20 after EDS, and persisted thereafter.
The pattern of testicular LHR mRNA expression after EDS administration in UC-des testes was similar to that of UC testes as (1) no discernible 1·8 kb LHR mRNA was found in Northern blots in the early stages after EDS, and (2) the recovery of a complete pattern of LHR transcripts, including the 1·8 kb species, was faster than in controls (Fig. 5, upper panel) . On the contrary, in Control-UC testes the level of expression of the 1·8 kb LHR transcript rapidly declined after the testicular switch, and became undetectable by day 10 after EDS, i.e. 5 days after relocation of the testes into the abdominal position. The reappearance of the longer LHR mRNA species was delayed when compared with UC testes but, as in their case, it was associated with the expression of the truncated 1·8 kb band (Fig. 5,  lower panel) . 
Truncated form(s) of LHR mRNA are expressed at low levels in UC testes after EDS treatment
To evaluate whether experimental cryptorchidism is able to completely prevent LHR gene expression in early LC precursors, the presence of LHR mRNAs was assessed in the different experimental models by means of semiquantitative RT-PCR (Fig. 6 ). In keeping with our previous findings (Tena-Sempere et al. 1994) , persistent expression of LHR mRNA transcripts, encoding areas of the extracellular domain, was detected in control testes at all time-points after EDS administration. In addition, lack of expression, 5 days after EDS, of LHR transcripts encoding the transmembrane and cytoplasmic domains was demonstrated (data not shown), using RT-PCR conditions similar to those previously reported (TenaSempere et al. 1994) . This confirms that the early LC precursors express truncated LHR mRNA species. In UC testes, despite low level of expression, positive amplification of an area of LHR mRNA, coding for a region of the extracellular domain (exons 1 to 4), was detected 5 days after EDS. This finding suggests that the expression of truncated forms of LHR mRNA is a universal phenomenon in proliferating LC precursors. As in the case of control testes, no expression of mRNA species encoding areas of the transmembrane and cytoplasmic domains of the LHR was detected at this time-point (data not shown).
Using a similar approach, the expression of LHR mRNA species encoding areas of the extracellular domain was investigated in UC-des and Control-UC testes. Descent of UC testes, 5 days after EDS administration, did not result in major changes in the pattern of LHR mRNA amplification. Low levels of expression of LHR transcripts encoding areas of the extracellular domain were detected in early stages, i.e. on days 5, 7 and 10 after EDS administration. Along with the LC repopulation, the level of expression of such transcripts normalized to control values. Positioning of control testes into the abdomen, 5 days after EDS administration, resulted in a rapid and profound decline in the expression of LHR transcripts, encoding areas of the extracellular domain, in agreement with data from Northern hybridization. As described above, LC repopulation was associated with normalization of expression of this species.
Discussion
In most mammalian species, testes are located in the scrotum. This ensures that testicular temperature is a few degrees below that of the core body, thus providing an optimal environment for complete testicular function. Retention of testes inside the abdomen results in disruption of spermatogenesis (Clegg 1963a,b) , impairment of steroidogenesis (Huhtaniemi et al. 1984) , and higher rate of testicular malignancies (Batata et al. 1991) . Although all cell types of the testis are affected by cryptorchidism, the most prominent damage occurs in the seminiferous epithelium (Clegg 1963a ,b, Kerr et al. 1979 . Experimental cryptorchidism is a useful paradigm for studies on testicular physiology and pathophysiology (O'Leary et al. 1986a ,b, Shikone et al. 1994 , Eskola et al. 1995 , Peltola et al. 1995 , Iizuka et al. 1996 . As a continuation of our previous work on the characterization of the pattern of LHR mRNA expression in the rat testis during LC regeneration, in the Southern hybridization analysis of RT-PCR products generated using the primer pairs LHR1-LHR4 and L19s-L19as and RNA samples obtained from the different experimental groups, as indicated in previous figures. The oligoprimers LHR1 and LHR4 are located in position 6 to 17 and 342 to 322 bp respectively of the rat LHR sequence; amplification using this pair gives rise to a 350 bp species (termed LHRe) encompassing exons 1 to 4 of the extracellular domain of the receptor. The primer pair L19s-L19as allows coamplification of a 395 bp fragment of L19 ribosomal protein mRNA (termed L19), used as internal control. Southern hybridizations were performed using specific oligo-probes, as described in Materials and Methods.
present study we compared testicular LHR expression and LC repopulation after EDS administration in scrotal and abdominal testes of UC rats. Two major questions were asked: (a) is the pattern of LHR mRNA expression in repopulating LCs altered by changes in the paracrine/ autocrine signals in the cryptorchid testis, and (b) is there a direct correlation between the higher rate of LC repopulation in cryptorchid testes and the observed changes in the pattern of LHR gene expression? Noteworthy, the UC rat constitutes a good model to analyse the differential role of endocrine signals and locally produced factors in the control of testicular functions, as in this experimental paradigm both testes share similar endocrine background but with different intratesticular environment.
Concerning the LHR mRNA expression, two major differences were noted between scrotal and abdominal testes. First, the 1·8 kb transcript, persistently expressed in scrotal testes at all time-points, was absent upon Northern hybridization in abdominal testes at the early stages (i.e. 5 days) after EDS administration. Secondly, the faster repopulation rate in cryptorchid testes, as estimated by hCG binding, was associated with precocious reappearance of the complete pattern of LHR mRNAs with four major transcripts, including the 1·8 kb one. Apparent differences in the pattern of expression of longer LHR transcripts in abdominal testes from EDS-treated rats were noted between this and a previous study (Veldhuizen-Tsoerkan et al. 1994) . This discrepancy can be attributed, at least partially, to the use of long-term hypophysectomized, EDS-treated animals and poly (A) + RNA for Northern hybridization in the latter. However, as a whole, our data clearly indicate that intratesticular factors actively influence the pattern of LHR gene expression in repopulating LCs, and that expression of the 1·8 kb LHR transcript is selectively repressed in the cryptorchid testis during early stages after EDS administration. Interestingly, unilateral cryptorchidism per se did not induce major changes in LHR gene expression as shown by Northern analysis of RNA samples from UC testes prior to EDS administration. In fact, the apparent increase in the level of expression of LHR transcripts in abdominal testes was likely due to LC 'enrichment' following testicular shrinkage after major damage of spermatogenesis. This is in contrast to the data reported by Iizuka et al. (1996) showing that unilateral cryptorchidism reduces the level of expression of the 1·8 kb LHR species. The basis for this discrepancy is unclear, given the similarities in rat strain and experimental procedures used. The only apparent differences are noted in the age of the animals (6-7 months vs 2-3 months in the present study) and the use of poly (A) + RNA instead of total RNA for Northern hybridization. Whether they explain the reported discrepancies remains to be elucidated.
A conspicuous feature of gonadotropin receptor gene expression is the presence of several splice variants of the coding mRNAs. Alternative splicing may be a potential mechanism for production of isoform diversity at the protein level (Smith et al. 1989) , and it has been proposed that such receptor variants may play a role in the generation of pleiotropic cellular responses to gonadotropins (Tsai-Morris et al. 1990 , Vu-Hai et al. 1992 , Sairam et al. 1997 . However, complete characterization of the functional role of the different gonadotropin receptor splice variants has remained elusive. Concerning the LHR, the 1·8 kb mRNA species has been previously identified as a truncated form encoding areas of the extracellular domain of the receptor (LaPolt et al. 1991) ; however, its function is still unclear. It has been suggested that it may encode a soluble LH-binding protein, thus allowing a modulatory role for such a receptor variant in LH responsiveness of target cells (Tsai-Morris et al. 1990 ). However, the translational efficiency of this transcript in vivo is low (Tena-Sempere et al. 1997) , and most in vitro studies point out that the translated protein, if produced, is trapped intracellularly (Segaloff & Ascoli 1993) . In the EDStreated control rat testes, this truncated transcript was persistently expressed throughout LC regeneration, making conceivable a functional role for this species in the control of such an event. Assumedly, our recent data suggested that a potential role of the 1·8 kb transcript in driving/modulating LH actions in early LC precursors is unlikely (Tena-Sempere et al. 1997) . However, this species may contribute, alternatively, to the regulation of the expression of functional LHRs. In this sense, the 6·8 kb LHR mRNA is the likely candidate to encode the functional holoreceptor (Koo et al. 1994) , and it is possible that its rates of transcription and/or translation are affected by the presence of other LHR splice variants.
Our initial findings on changes in the pattern of testicular LHR mRNA expression after EDS administration in the context of the UC rat prompted us to evaluate whether a relationship exists between the faster rate of LC proliferation and alterations in LHR gene expression in the cryptorchid testis. To this end, we analysed the time-course and reversibility of the aforementioned changes after switching the 'testicular status' in control and UC rats 5 days after EDS administration. Unilateral positioning of the scrotal testes into the abdomen resulted in a rapid decline in the level of expression of the 1·8 kb LHR species to undetectable levels on day 10 after EDS. In addition, the rate of LC repopulation in this model was accelerated from day 20 after EDS onwards, but remained lower than that of UC testes. On the contrary, relocation of the abdominal testes of UC rats into the scrotum failed to induce major changes in the pattern of LHR gene expression, despite the significant reduction in the rate of LC repopulation detected from day 15 after EDS onwards. As a whole, our data indicate that the switch from scrotal to abdominal background results in a rapid and irreversible change in the pattern of LHR gene expression in repopulating LCs. This is likely due to the fixed impairment of testicular microenvironment in the adult cryptorchidism, as suggested before ( Jégou et al. 1983) . Further, our results indicate that, in this model, the pattern of LHR gene expression and the rate of LC repopulation are, at least partially, dissociated. However, it is apparent from the semi-quantitative RT-PCR analysis (Fig. 6 ) that the expression of truncated form(s) of LHR mRNA is qualitatively a universal phenomenon in proliferating LC precursors. Such transcript(s) may be an early sign of LC differentiation, as proposed previously (TenaSempere et al. 1994) . Whether additional functions are attributable to this species remains to be determined.
The severe damage of seminiferous epithelium in the cryptorchid testis has been pointed out as the major cause for the increased rate of proliferation and/or differentiation of repopulating LCs after EDS administration (O'Leary et al. 1986a,b) . However, the potential involvement of testicular temperature cannot be ruled out. The change in temperature associated with testicular descent has been implicated in the appearance of functional G i proteins in developing rat LCs (Eskola et al. 1995) . In addition, evidence for a facilitatory role of lower temperature in proper folding of the LHR protein has been presented ( Jaquette & Segaloff 1997). Our data from cryptorchid testes prior to EDS administration suggest, however, that a direct, primary role of temperature in the generation of the reported changes in the pattern of LHR gene expression in repopulating LCs of abdominal testes is unlikely. In keeping with this concept, a change in the culture temperature of mouse Leydig tumor cells (mLTC-1) from 32 C (scrotal temperature) to 37 C (abdominal temperature) or vice versa did not alter the pattern of expression of the truncated forms of LHR mRNA in this cell line (our unpublished results). Taken together, these data suggest that cryptorchidism-induced modifications in the expression of LHR gene are likely mediated through changes in the paracrine inputs on LC precursors, and not in testicular temperature. Noteworthy, a partial decrease in the repopulation rate, as estimated by hCG-binding assay, was observed in cryptorchid testes shortly after their relocation into the scrotum, despite the fixed damage in the seminiferous epithelium ( Jégou et al. 1983 ). This points out that both temperature and cell-damage are involved in the generation of the higher rate of LC proliferation in the cryptorchid testis, in line with previous references (Wu & Murono 1994 , 1996 .
A puzzling finding was that the recovery in LHR content after EDS administration was dramatically decreased in the scrotal testes of UC rats, as compared with controls. Interestingly, other unilateral experimental manipulations of the testis such as efferent duct ligation (Risbridger et al. 1981) or testicular torsion (Baker & Turner 1995) have been reported to variably alter the contralateral testis. In our model, the reported phenomenon was obviously not dependent on changes in testicular temperature or paracrine signals upon repopulating LCs, and different mechanisms may be involved. However, on the basis of the current data, the likely explanation is that the faster decline in serum LH levels in UC rats, due to the higher rate of LC repopulation in the abdominal testes, resulted in a lower gonadotropic input on proliferating LC precursors in the scrotal testes. In this sense, it is well established that normal LC development critically depends on the tropic action of LH (Molenaar et al. 1986 , Teerds et al. 1989a , Tena-Sempere et al. 1997 .
In conclusion, the data presented herein indicate that experimental cryptorchidism, likely through changes in the intratesticular environment, induces quantitative changes in the pattern of LHR gene expression in rat testis after selective LC elimination by EDS treatment. This experimental model may thus prove useful for further analysis of the regulatory role of locally produced factors in the control of LHR gene expression.
